A simple and reproducible procedure is described which allows the fast and almost quantitative removal of DNA polymerases I and II from DNA polymerase III, in crude extracts of po!A+strains of Bacillus subtilis. The procedure entails streptomycin sulfate and ammonium sulfate fractionations subsequent analysis of the partially purified preparation by G-200 chromatography, DEAE cellulose chromatography and density gradient sedimentation, shows that the ammonium sulfate fraction contains less than 5% of the total activity as DNA polymerase I and less than 2% as DNA polymerase II. The purification procedure, up to the ammonium sulfate step, was utilized for the analysis of the level of DNA polymerase III in several B. subtilis mutants, with results comparable to those obtained from the corresponding polA" strains following more cumbersome purification procedures.
INTRODUCTION
The assessment of the amount of Pol III activity in different strains of Bacillus subtilis entails some uncertainty; the properties 1 2 3 of the three DNA polymerases are very similar ' ' '> and even the presence of specific inhibitors of the Pol III of this organism (the aryl hydrazynopyrimidines) does not allow a quantitative determination in ABBREVIATIONS : Pol I, II and III: DNA polymerase I, II and III. HPUra: 6-(p_-hydroxyphenyl-hydrazino)-uracil; U: enzyme units; buffer A: 0.05 M Tris-HCl pH 7.5, 1 mM dithiothreitol, 1 mM CaCl, and 20% glycerol (v/v); buffer B: the same as buffer A, plus 0.5 M KC1. 4 5 crude extracts ' ; the levels of the Pol III are rather low as compared to the other enzymes and a determination of the HPUra sensitivity of the polymerase activity of crude extracts gives low and non significant levels of inhibition. The determination of the amount of Pol III requires therefore several purification steps and/or the use of polA mutants .
The purification procedures on the other hand, are rather cumbersome and no certainty can be attained of the recovery at each purification step; also the use of polA mutants raises the possibility that compensatory variations of the levels of the other polymerases may blur the issue. We have thus devised a simple procedure that allows a fast removal of most of the Pol I and Pol II from B. subtilis extracts, without appreciable loss of the Pol III. This procedure has been applied to several strains, including mutants in the polC gene, and has proven to be reliable and reproducible. We report a description of the steps involved, an analysis of the presence of contaminating enzymes and of the main properties of the partially purified Pol III. Some examples of the application of the test for routine analysis are also reported.
Furthermore we report evidence that the partially purified material contains Pol III molecular forms having M. W. quite greater than the more purified fractions. Preparation of extract: 11.4 g of frozen paste were thawed, placed in a mortar and 24 g of ice-cold alumina were added in small aliquots; the cells were extracted by grinding and resuspended in 23 ml of ice-cold 0.05 M glycyl-glycine -NaOH buffer, pH 7.5 containing 10 mM dithiothreitol; after centrifugation at 10.000 x g for 20 min, the supernatant was collected (fraction I, 18 ml; 7.8 U/ml, 34.2 mg/ml).
MATERIALS AND METHODS

Reagents
Streptomycin sulfate fractionation: fraction I was diluted with 56 ml of glycyl-glycine-NaOH buffer to bring the protein concentration about 14.
12. Estimated as the fraction of activity inhibited by 0.8 mM HPUra. In the crude extract a variable inhibition level is observed, but always less than 20 % of the total activity. The form with an s% of 12. 5 S has been observed repeatedly in similar conditions, though its extreme lability has not allowed a purification; by the use of the values of gel filtration and sedimentation we obtain a M.W. estimate of 426, 000 (see Table II ). This value is not far from that reported for the "holoenzyme" form of the Pol III of E_.
coli . The asymmetry of this structure is analogous to that of the 8. 2 S form. The simplest interpretation of this structure is of a "dimer" of the smallest form observed. In order to ascertain the validity of these hypotheses a stabilization of the 12. 5 S structure is essential.
Utilization of the procedure for the quantitative determination of Pol III.
The experiments described above show the low level of contamination of fraction III with Pol I and Pol II. Thus the ammonium sulfate fraction (and perhaps also the streptomycin sulfate supernatant) can be used for a fast and quantitative determination of Pol III. This procedure seems thus adequate to determine the levels of Pol III in polA strains with a minimum of manipulations and to check the sensitivity of the Pol III to specific inhibitors. Table III reports the data on the analysis of 4 different polA strains of B. subtilis. Three of these strains are wild type as far as the polC gene is concerned; one is the azp-12 strain of N.
Brown which is mutated in the polC gene and is known to contain an 12 HPUra insensitive Pol III . One is an HPUra resistant strain (azp80) the mutation of which does not map in the polC area and thus should not 13 concern the Pol III . As the data show, the ammonium sulfate fractions display the features expected from their phenotypic and genotypic properties. The PolC mutant has a Pol III activity insensitive to HPUra. 
11%
For each strain 1 liter culture in Penassay medium was incubated in a 6 liter flask in a rotary shaker at 37°C; when the Klett reading (green filter) was of 140, the bacteria were harvested and washed once with icecol medium, frozen in liquid nitrogen and stored at -20°C. The frozen paste (approximately 2 g) was thawed, extracted by the procedure reported in Materials and Methods (scaled down proportionally) and purified up to the ammonium sulfate fraction; the precipitate was resuspended in 1 ml of buffer A, and dialyzed vs. buffer A.
The azp80 mutant, that is located far from the polC area, has a normally HPUra sensitive Pol III.
Another application of this procedure, concerns the hds gene of 14 B. subtilis which also confers HPUra resistance, but is located in a different position of the map with respect both to polC and azp80. Table I ). Therefore, the observation in the following fraction of a level of DNA polymerase corresponding to approximately 15% of the original activity indicates that the amount of Pol III present in the crude extract could not be much higher than this. Furthermore, the Pol III levels, measured following this partial purification, are of the same order as those obser- The less purified fractions demonstrate the presence of a molecular species having a quite large size (M.W. 426,000). This could correspond to the holoenzyme described in the Pol III of E . coli . Also the m o r e purified fraction displays a M.W. greater than the published values (227,000 y_s. 166, 000 M.W.). These observations a r e object of further study for which a stabilization of the largest species is essential.
